
O R I G I N A L  R E S E A R C H

Serum Homer1 is a Novel Biomarker for Predicting 
the Clinical Outcomes of Acute Ischemic Stroke 
Patients
Weihao Lv1,*, Zhe Ruan2,*, Qianqian Zhang3,*, Yaxuan Wei4,*, Xiuquan Wu1, Ya-Nan Dou1, 
Wangshu Chao1, Xiaowei Fei1, Zhou Fei1

1Department of Neurosurgery, Xijing Hospital, Air Force Medical University, Xi’an, Shaanxi, 710032, People’s Republic of China; 2Department of 
Neurology, Tangdu Hospital, Air Force Medical University, Xi’an, Shaanxi, 710032, People’s Republic of China; 3Department of Respiratory Medicine, 
Lanzhou University Second Hospital, Lanzhou, 730070, People’s Republic of China; 4Department of Neurology, Gansu Province Central Hospital, 
Lanzhou, 730070, People’s Republic of China

*These authors contributed equally to this work 

Correspondence: Xiaowei Fei; Zhou Fei, Xijing Hospital, Air Force Medical University, No. 127, Changle West Road, Xincheng District, Shaanxi, 
710032, People’s Republic of China, Tel +86-1882928538, Email xiaowei_fei@fmmu.edu.cn; feizhou@fmmu.edu.cn 

Purpose: We aim to explore the relationship between Homer1 and the outcomes of AIS patients at 3 months.
Patients and Methods: This prospective cohort study was conducted from May 2022 to March 2023. In this study, we investigated 
the association between serum Homer1 levels by enzyme-linked immunosorbent assay at admission and functional outcomes of 
patients at 3 months after AIS.
Results: Overall, 89 AIS patients (48 good outcomes and 41 poor outcomes) and 83 healthy controls were included. The median 
serum Homer1 level of patients at admission with poor outcomes was significantly higher than that of patients with good outcomes 
(39.33 vs 33.15, P<0.001). Serum Homer1 levels at admission were positively correlated with the severity of AIS (r = 0.488, 
P<0.001). The optimal cutoff of serum Homer1 level as an indicator for an auxiliary diagnosis of 3 months functional outcomes was 
35.07 pg/mL, with a sensitivity of 75.0% and a specificity of 92.7% (AUC 0.837; 95% CI [0.744–0.907]; P<0 0.001). The odds ratio 
of MRS > 2 predicted by the level of serum Homer1 after 3 months was 1.665 (1.306–2.122; P<0.001).
Conclusion: Serum concentrations of Homer1 have a high predictive value for neurobehavioral outcomes after acute ischemic stroke. 
Higher serum Homer1 levels (>35.07 pg/mL) were positively associated with poor functional outcomes of patients 3 months post- 
stroke.
Keywords: Homer1, acute ischemic stroke, biomarker, outcomes

Introduction
Acute ischemic stroke (AIS), with a high incidence rate, mortality, and disability rate, accounts for about 82% of all 
strokes1 and causes great harm to people’s health, families, and society.2 It is reported that the estimated prevalence, 
incidence, and mortality rate of stroke in China in 2020 were 2.6%, 505.2 per 100,000 person-years, and 343.4 per 
100,000 person-years, respectively.3 Moreover, with the aging of the population and the increasing prevalence of risk 
factors such as diabetes, hypertension, and hyperlipidemia, China’s stroke burden is also increasing, which suggests that 
the strategy of stroke diagnosis and treatment needs to be further improved and strengthened, especially in China.4 

Predicting the patients’ clinical outcomes accurately is still an unresolved issue, which is most concerning to patients and 
their families.

The National Institutes of Health Stroke Scale (NIHSS) score, a clinical assessment scale for stroke, helps in grading 
the severity of AIS and predicts the outcome for the patients.5,6 However, NIHSS has a low predictive value in some 
ischemic stroke patients with characteristics of arteriolar occlusion or perforating artery embolism.7,8 In addition, the 
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NIHSS scale does not include neurological deficit symptoms of posterior circulation stroke, such as headache, diplopia, 
Horner’s syndrome, and gait abnormalities.9–11 Therefore, it is not rational to rely only on the NIHSS score at admission 
to assess the outcomes of patients. Additionally, neuroimaging can effectively determine the location and area size of 
cerebral infarction on admission, but some AIS patients have contraindications to magnetic resonance imaging (MRI). 
So, it is impossible to use MRI to evaluate the outcomes of all the patients. Blood-based biomarkers might provide 
additional information to prognostic factors readily available in clinical practice.

Homer1 protein, as a postsynaptic dense substance protein, is one of the subtypes of Homer family protein. There is 
the highest expression level of Homer1 in brain tissue, while other peripheral tissues such as the heart and skeletal 
muscles are relatively low.12,13 In animal experiments, numerous studies have found that Homer1 can exert multiple 
regulatory effects in different animal disease models. It was found that Homer1 was involved in the regulation of calcium 
signaling homeostasis.14 Homer1 also inhibits the phenotypic conversion of astrocytes, exerts anti-inflammatory effects, 
and alleviates damage in mice with intracerebral hemorrhage.15 Homer1 can improve the degree of brain injury in mice 
by regulating mitochondrial endoplasmic reticulum stress in ischemic brain injury.16 In addition, there is relatively little 
clinical research on Homer1. It has been reported that Homer1 plays a crucial role in the development of hepatocellular 
carcinoma (HCC) tumors and may be a potential diagnostic marker for HCC.17 Another study suggests that Homer1 has 
certain diagnostic significance in coronary heart disease.18 However, the relationship between Homer1 and the outcomes 
of AIS has not been studied. Based on previous work and the structural basis of the disrupted blood–brain barrier 
(BBB)19 following AIS, we speculate that Homer1 could be released into the cerebrovascular fluid and to a smaller 
extent in the peripheral blood serum after the attack in AIS, and Homer1 levels may be associated with patient’s 
outcomes. In this study, we aimed to study the relationship between the level of Homer1 in the peripheral serum of AIS 
patients at admission and the outcomes of the patients 3 months post-stroke.

Patients and Methods
Ethical Approval
Research involving human subjects complied with all relevant national regulations, and institutional policies and is by the 
tenets of the Helsinki Declaration, and has been approved by the Institutional Ethics Review Committee of Xijing 
Hospital (KY20232052-C-1). Informed consent was obtained from all individuals included in this study.

Study Population
A total of 144 patients diagnosed with AIS were prospectively enrolled in our study from the Brain Hospital of Xijing 
Hospital of Air Force Medical University from May 2022 to March 2023. Finally, after strict screening and follow-up by 
staff, complete data were available for only 89 patients. The inclusion criteria are as follows: (1) Acute onset, focal 
neurological deficits lasting >24 hours, admission <72 hours; (2) Magnetic resonance imaging (MRI) diffusion-weighted 
imaging (DWI) results confirmed AIS. The exclusion criteria are as follows: (1) malignant tumors; (2) severe respiratory, 
hematological, or digestive system diseases; (3) pre-morbid modified Ranking Scale (mRS)>2; (4) Other diseases that 
may affect serum Homer1 levels, such as rheumatic immune disease, systemic, and local inflammation, severe heart 
disease, acute myocardial infarction, liver cirrhosis, severe kidney disease, and skeletal muscle lysis.

Collection of Data for Enrolled Clinical Patients
The definition of acute ischemic stroke complied with the World Health Organization criteria.20 Clinicians with strict 
training further classified the subtypes of AIS patients according to the definition used by Org 10,172 in the treatment of 
acute stroke (TOAST) trial.21 Meantime, the NIHSS score was used to score the patients’ neurological function defects. 
Demographic and clinical data were collected, including age, gender, NIHSS score, cholesterol, triglycerides, and 
homocysteine were also collected at admission. In this study, we strictly followed the inclusion and exclusion criteria 
and conducted strict follow-up. The NIHSS scores were made by staff who are strictly trained doctors blinded to the later 
laboratory measurements and data analysis process.
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Outcomes Assessments
The main outcome measure was the MRS 3 months post-stroke, followed up by telephone. Staff attending follow-up 
were blinded to laboratory test results. This is a simplified overall functional assessment where 0 indicates no symptoms 
and 5 indicates severe disability.22 A score of 0 indicates no symptoms; 1 point represents mild symptoms but does not 
affect daily life; A score of 2 indicates mild disability but the ability to independently complete daily activities; A score 
of 3 indicates that moderate disability requires assistance to complete daily activities; A score of 4 indicates that severe 
disabilities require round-The-clock attendants; A score of 5 represents death; The higher the score, the poorer the 
patient’s functional status. Patients with an MRS score of 0–2 were defined as the group with good functional outcomes, 
and those with an MRS score of 3–5 were defined as the group with poor functional outcomes.

Collection of Serum Samples
A 10 mL blood sample was drawn from each patient’s antecubital vein within the immediate hours after admission, 
collected into a serum separator tube, and next step leaving the tube undisturbed in a vertical position overnight at 4°C or 
room temperature for up to 60 minutes, and then centrifuged at approximately 1000 g for 20 min. The serum was then 
transferred into plain polypropylene tubes and stored at −80°C pending for further processing.

ELISA Procedure
ELISA was performed in strict accordance with the manufacturer’s instructions. Briefly, we firstly performed gradient 
dilutions of protein standards, followed by further measurement of the absorbance of standards at each dilution gradient 
at an absorption wavelength of 450 nm, and establishment of a standard curve. Second, the absorbance of each serum 
sample after incubation was further measured to obtain the concentration value of Homer1 in each serum sample, which 
was measured in triplicate. These measurements were made by technicians blinded to the clinical outcomes at an 
independent laboratory. Human Homer Homolog1 ELISA Kit (Catalogue No: abx387846) was purchased from Abbexa 
in the UK.

Statistical Analyses
Continuous variables are summarized as medians with interquartile range (IQR), and categorical variables as absolute 
counts and percentages. Statistical significance for intergroup differences was assessed by Pearson’s χ2 for categorical 
variables and the Mann–Whitney U-test for continuous variables. Variables associated in the univariate analysis were 
entered into a forward stepwise logistic regression model to identify variables independently associated with predictors of 
stroke outcomes [odds ratios (OR) with their 95% confidence interval (CI) are given]. To calculate the sensitivity and 
specificity for biomarker cutoff values to predict the neurological function recovery of patients 3 months post-stroke, 
a receiver operator characteristic (ROC) curve was configured. The goodness-of-fit was assessed using the Hosmer– 
Lemeshow test. All data were analyzed using GraphPad version 9.0 (SPSS, Chicago, IL, USA), R software. All tests 
were two-sided and P<0.05 were considered to be statistically significant.

Results
Baseline Characteristics
Totally, 144 patients with AIS underwent consecutive screening from May 2022 to March 2023, and 100 patients met the 
inclusion criteria at baseline. At the 3-month follow-up, 89 patients were eventually enrolled in the study (Figure 1). The 
baseline clinical characteristics of 89 adult AIS patients and 83 healthy controls are shown in Table 1. In the investigation 
of risk factors for stroke, 73.0% of patients had hypertension, 34.8% had diabetes mellitus, 23.6% had Atrial fibrillation, 
33.7% had a history of smoking, 33.7% had a history of stroke, 39.3% were accompanied by hyperlipidemia. On 
admission, 44.9% of patients had a slight neurologic deficit (NIHSS score < 8); 47.2%, a moderate neurologic deficit 
(NIHSS score from 8 to 20); and 7.9%, a severe neurologic deficit (NIHSS score > 20). According to the TOAST 
classification, 49.4% had a large artery atherosclerosis; 14.6%, a cardioembolism; 28.1%, a small vessel occlusion or 
lacunae; and 7.9%, a cryptogenic stroke or other types of embolism. Among all AIS patients, it was found that anterior 
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circulation infarction (79.8%) accounted for the vast majority. In addition, 83 healthy controls were recruited to form 
a healthy control group. No differences were observed in the baseline characteristics, such as age or gender, between the 
AIS patients and the healthy controls.

Figure 1 Study profile.

Table 1 Clinical and Demographic Characteristics of the AIS Patients and Healthy 
Controla

Characteristics AIS  
(n=89)

Healthy Control  
(n=83)

Age, years

Median (IQR) 66.0(23) 63(13)

Range 20–85 35–75
Male sex, no. of patients (%) 27(30.3%) 37(44.6%)

Stroke risk factors, no. of patients (%)

Hypertension 65(73.0%)
Diabetes mellitus 31(34.8%)

Atrial fibrillation 21(23.6%)
History of smoking 30(33.7%)

Previous stroke 30(33.7%)

Hyperlipidemia 35(39.3%)
NIHSS score, no. of patients (%)

0–7 40(44.9%)

7–20 42(47.2%)
21–40 7(7.9%)

(Continued)
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Univariate Analysis of Serum Homer1 and Other Variables with Outcomes
Among the 83 healthy individuals included in this study, the concentration range of serum Homer1 was 11.05– 
22.60 pg/mL. Serum Homer1 levels at admission in the AIS patients were significantly higher than that of healthy 
controls [34.60 (6.85) vs 14.87 (4.4) pg/mL, P<0.001, Figure 2A]. In addition, serum Homer1 levels at admission 
in the good outcomes was lower than poor outcomes in the AIS groups [33.15(2.69) vs 39.33 (7.77) pg/mL, 
P<0.001, Figure 2B). Moreover, the NIHSS score in the poor outcomes group was significantly higher than that in 
the good outcomes group [10.50 (8.75) vs 6(5), P<0.001, Table 2]. No differences were observed in factors, such 
as age, gender, and other factors related to acute ischemic stroke (Table 2). Also, serum Homer1 levels at 
admission were positively correlated with the NIHSS score (r = 0.488, P<0.0001; Figure 3).

In Figure 4, the area under the ROC curve of Homer1 is 0.837 (95% CI: 0.744–0.907, P<0.001). The area under the ROC 
curve of the NIHSS score is 0.759 (95% CI: 0.657–0.843, P<0.001). According to the ROC curve, the optimal cutoff serum 
Homer1 level as an indicator for an auxiliary diagnosis of 3 months functional outcomes was 35.07 pg/mL, with a sensitivity of 
75.0% and a specificity of 92.7%. Similarly, according to the ROC curve of the NIHSS score, the optimal cutoff value as an 
auxiliary diagnostic index for 3 months functional outcomes is 8, the sensitivity is 66.67%, and the specificity is 73.17%. The 
area under the curve for Homer1 and NIHSS is 0.904 (95% CI: 0.843–0.966; P<0.001) for the combination of the two variables.

Logistic Regression Model for Predicting 3-Month Modified Rankin Score>2
To further identify independent predictors of neurological recovery post-stroke, we further performed multivariate 
logistic regression of two statistically significant factors in a univariate comparison. The results showed that 

Table 1 (Continued). 

Characteristics AIS  
(n=89)

Healthy Control  
(n=83)

Anterior circulation infarction, no. of patients (%) 71(79.8%)
TOASTb, no. of patients (%)

Large artery atherosclerosis 44(49.4%)

Cardioembolism 13(14.6%)
Small vessel occlusion or lacunae 25(28.1%)

Cryptogenic stroke 7(7.9%)

Notes: aContinuous variables are expressed as medians (IQR) and range; bTOAST, Trial of Org 10,172 in 
Acute Stroke Treatment.

Figure 2 (A) Boxplots of Homer1 levels between AIS and control groups. (B) Boxplots of Homer1 levels for AIS patients with good and poor outcomes. Box=median + 
IQR; whisker=minimum to maximum.
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NIHSS score (OR: 1.368, 95% CI: 1.130–1.655, P = 0.001) and serum Homer1 level (OR: 1.665, 95% CI: 1.306– 
2.122, P<0.001, Table 3) were significantly correlated with poor functional outcomes. As shown in Figure 5, to 
determine the prediction model we studied to calculate the prediction probability of each patient’s future outcomes 

Table 2 Comparison of Factors for Predicting 3-Month Post-Stroke Modified Rankin 
Score in 89 Patients with Strokea

Factor Poor Outcomes  
(MRS>2) (n=48)

Good Outcomes  
(MRS ≤ 2) (n=41)

p-Valueb

Age, years

Median (IQR) 59(27.75) 68(17.5) 0.834
Range 20–85 35–80

Male sex, no. of patients (%) 15(31.3%) 12(29.3%) 0.839

NIHSS score, no. of patients
Median (IQR) 10.50(8.75) 6(5) <0.001
Range 3–39 1–15

Homer1, pg/mL

Median (IQR) 39.33(7.77) 33.15(2.69) <0.001
Range 30.49–61.93 29.61–36.40

Low density lipoprotein, mmol/L

Median (IQR) 2.19(1.37) 2.12(1.05) 0.192

Range 0.57–4.46 0.62–4.09
High-density lipoprotein, mmol/L

Median (IQR) 0.95(0.37) 1.04(0.19) 0.086

Range 0.57–1.78 0.76–2.08
Total cholesterol, mmol/L

Median (IQR) 3.62(1.47) 3.90(1.10) 0.100

Range 1.78–7.24 1.27–6.39
Triglyceride, mmol/L

Median (IQR) 1.31(1.34) 1.33(1.42) 0.199

Range 0.30–4.50 0.50–2.62
Homocysteine, μmmol/L

Median (IQR) 12.74(5.49) 13.00(7.40) 0.346

Range 9.17–119.60 6.88–46.00

Notes: aContinuous variables were given as medians (IQR) and minimum–maximum range. Categorical variables 
are given as values (percentages); bP values were derived using the Mann–Whitney test, χ2test, or Fisher exact 
test as appropriate; Bold font indicated statistical differences.

Figure 3 Correlation between serum levels of Homer1 and the NIHSS score.
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events, the Hosmer and Lemeshow goodness-of-fit test was used to confirm that the calibration curve showed 
a good fit during internal validation (χ2 test = 3.626; P = 0.889).

Discussion
In this prospective study, we firstly used a commercially available ELISA kit to detect serum Homer1 of AIS patients to 
evaluate the neurological outcomes of patients at 3 months post-stroke. It is indicated that serum Homer1 level is an 
independent predictor of outcomes in AIS patients, and a higher level of serum Homer1 at admission indicates poor 
outcomes. The optimal cutoff value of Homer1 for predicting outcomes is 35.07 pg/mL, with sensitivity and specificity of 
75% and 92.7%, respectively.

In this study, the ROC showed that the diagnostic efficacy of Homer1 (AUC = 0.837) was higher than the diagnostic 
efficacy of NIHSS score (AUC = 0.759). At present, the NIHSS score has been widely applied in clinical practice and has 
played a significant role in the outcomes of patients. However, there are still certain limitations in evaluating stroke in the 
posterior circulation.23 Based on the statistical results of this clinical research, we speculated that the NIHSS score may 
not be sensitive enough to the symptom evaluation of some patients, possibly due to the high proportion of AIS patients 
with posterior circulation infarction (20.2%, Table 1) enrolled. At the same time, we further used the combined ROC 
curve to detect the diagnostic efficacy of the NIHSS score and serum Homer1, and the results (AUC = 0.904, Figure 4) 
showed higher diagnostic efficacy compared to the NIHSS score alone. Therefore, the combination of NIHSS score and 
Homer1 may predict the outcomes of AIS patients more accurately.

Figure 4 ROC for NIHSS, Homer1 and the combination of the latter for the prediction of 3 months AIS outcome.

Table 3 Multivariate Logistic Regression Analysis of 
the Clinical Determinants of Functional Outcomes 3 
Months Post-Stroke (n = 89)a

Variables OR (95% CI) p-value

Homer1(pg/mL) 1.665(1.306–2.122) <0.001
NIHSS score 1.368(1.130–1.655) 0.001

Notes: aLogistic regression model using entered into a forward 
stepwise selection procedures was built using variables from Table 2.
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When acute ischemic stroke occurs, the core infarcted area and ischemic penumbra are formed in the ischemic 
hemisphere.24 With prolonged ischemia, the extent of the core infarct area gradually expands, accompanied by more 
severe neurological deficits.25 A large number of studies have shown that IL-10, IL-6, and TNFα can be used as 
biomarkers of brain injury when ischemic stroke occurs.26 However, compared with biomarkers such as IL-10, IL-6, and 
TNFα, serum Homer1 has higher tissue specificity and sensitivity, which is more accurate for the diagnosis and treatment 
of acute ischemic stroke. In animal experiments, the function of Homer1 has been extensively investigated. In different 
disease models, Homer1 plays a role by regulating the expression of various signaling pathway proteins.27 In clinical 
trials, Homer1 has been used as a biomarker in only a few cases, including hepatocellular carcinoma,17 as well as 
diagnostic studies of coronary heart disease.18 In addition, in this study, we found that the changes in Homer1 in the 
peripheral blood of patients with acute ischemic stroke, although there are other defects such as small sample sizes, 
provide a certain foundation for future research. Therefore, the clinical application of Homer1 still needs further 
exploration and discovery.

In this study, we strictly followed the treatment guidelines for suspected ischemic stroke patients. Immediately after 
admission, the patient underwent NIHSS scoring and emergency CT was used to rule out cerebral hemorrhage. In 
the second step, blood routine, coagulation function, electrolytes, and other general blood parameters will be urgently 
examined, and at the same time, we extracted blood samples from patients to detect serum Homer1. In the third step, if 
the patient meets the thrombolysis criteria, we would communicate with the patient and their family members to inform 
them of the risks, and then proceeded with IV-tPA treatment for the patient. If thrombolysis reperfusion failed, 
subsequent endovascular thrombectomy was performed. The time point for collecting Homer1 in this study was before 
the patient‘s treatment. Therefore, the serum Homer1 level at the time of patient admission is not significantly related to 
the patient’s treatment approach. Moreover, we did not collect peripheral serum from patients after treatment (regardless 
of successful reperfusion), so we are unable to determine the impact of reperfusion success and failure on serum Homer1 
levels at this time. This is also a topic that needs further research and resolution in the next step of this study.

In summary, this simple test could help clinicians to assess the patient’s condition more accurately. Mechanistically, 
when the feeding artery is occluded or embolized, a series of pathological changes occur in the brain tissue. All nerve 
cells in the neurovascular unit undergo endoplasmic reticulum28 and mitochondrial stress29 due to ischemia and hypoxia, 
and ionic imbalance inside and outside the cell membrane leads to cytotoxic edema.30 At the same time, tight junctions 

Figure 5 Calibration of prediction model.
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between vascular endothelial cells are disrupted and vasogenic edema occurs.31 In addition, hypoxia leads to oxidative 
stress,29 and the release of inflammatory factors,32 resulting in further expansion of the injury. A series of pathological 
lesions eventually lead to neural cell disintegration and death, disruption of the BBB, and ultimately accompanied by 
increased Homer1 levels in peripheral blood.

The defect of our clinical research is that the sample size of patients included in this study is relatively small. 
Although our telephone follow-up strictly collects patient’s neurological recovery condition according to the MRS 
scoring criteria, there are still inevitable systematic deviations. Secondly, we did not consecutively collect peripheral 
blood from patients to detect temporal expression trends of serum Homer1. Also, neuroimaging data such as cerebral 
infarct size on DWI for AIS patients were not collected. Moreover, we did not count neurological recovery at 1 month, 6 
months, and more long-term after stroke, so we could not describe the relationship between the outcomes of the patient’s 
condition and Homer1 at admission in detail. Finally, we used an enzyme-linked immunosorbent assay to detect the level 
of serum Homer1. Although we have tested the peripheral serum of each patient at least three times to obtain a relatively 
accurate concentration result, the ELISA test results are a semi-quantitative result of Homer1 calculated according to 
absorbance. Although the results of this study have great reference value for the use of serum Homer1 to predict AIS 
patients’ neurological recovery 3 months post-stroke, it is imperative to develop more precise tests.

Conclusion
This study reported a novel prognostic marker in AIS patients for the first time and proposed that there was a strong 
correlation between the level of serum Homer1 and the outcomes of AIS patients. The results showed that measuring the 
level of Homer1 in patients’ peripheral blood serum at the time of admission may be a potentially useful, relatively rapid, 
and minimally invasive method for predicting the recovery of neurological function in AIS patients 3 months post-stroke.
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